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APPENDIX J
_ PHASE I RI ANALYTICAL DATA

REM III Monitoring Well Analyses

Rohm & Haas Monitoring Well Analyses :

Residential Well Analyses
Surface Water Analyses

Sediment Analyses

Soil Analyses
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QUALIFIERS

~—/

INORGANIC ANALYSES ‘

B ~ Indicates that the reported value is less than the
Contract Required Detection Limit (CRDL) but greater
than the Instrument Detection Limit (IDL).

E - The reported value is estimated because of the
presence of interference.

Mo 4’Duplicate injection precision not met.

N : - Spiked sample recovery not within control limits.

S - The reported value was determined by the Method of

: Standard Additzons (Msa).
U or ND -~ Analyte was analyzed for but not detected above the
' IDL.

NA - Analyte was not analyzed for. |

W - Post-digestlon spike for Furnace AA analysis is out
of control 1limits (85 to 115%), while sample
absorbance is less than 50% of spike absorbance. - f

* - Duplicate analysis'not within control limits.

+ - = Correlation coefficient for the MSA is 1less than
0.99S.

ORGANIC ANALYSES

U or ND - Indicates compound was analyzed for but not detected
above the IDL.

J -~ Indicates an.estimated value. The actual value  may

' be higher or lower.

o - This flag applies to pesticide results where the
identification has been confirmed by GC/MS. Single
component pesticides 210 ng/ul in the final extract
shall be confirmed by GC/MS.

B - This flat is used when the analyte is found in the
associated blank as well as in the sample, It
indicates possible/probable blank contamination and
warns the data user to take appropriate action.

NA - Anallyte was not analyzed for. | _ AR3009’43 -/
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K.1 SHOUER MODEL
K L | -/
_ Volatils srganic chemicals (VOCs), digsolvad in housshold water supplies can

ba raleased {nto the indoor air as a result of activities such as showering,
bathing snd dishwashing. Of particular concezn to human health is the
potential for elevated exposures to cccur in the confined space of a shover.

" The shover model developed by Foster and Chrostowski (1987), was used to
assess the possidle frhalation sxposures to VOCs from ground watsr at the Sand
Cresk sits. In the shower modsl {nhalatien exposures ars nodeled by ‘
‘estimating the rate of chemical release into the air (generation race), the
buildup (shower on) and decay (shower off) of VOCs in shower room aiz, and the
quantity of alrborne VOCs inhaled while the shower is both on and off,

Estization of the rate of VOC relsase into the air is based upen Liss snd
Slatez’s adaptation of the two-layer £113 modsl of gas-1iquid asss transfer.
The two-filn boundary theory provides the basis for estimating the overall .
mass transfer cdi!ﬁchh: (KL) for sach VOC of interast sccording to the
following equation:

01 . ) . . !
= (1/%, + RT/Hk ) L \)
whare xl‘ "1 8 .

K,_ = overall mass transfer ccefficlent {evhr),

H » Henry's Law Constant (dtn-nsfmol-lt) -

| RT = 2.6:10'2 At:l-n’/noh (gas comunf of 8.2:1.0's am-n’/ﬁol-l tines
' sbsolute tacperature of 293 K),

i A ' kg . gas-fila mass :gmtor cosfficient (ca/hr), and
ky = liquidpﬂh zass transfer coefficlent (ca/hr). .

Equation 1 dascrides the uass transfer rate -ot a conﬁound at an air-wvater
interface vhere diffusion nay be 1liaited by doth ligquid- and gas-phase
resistances. '

The cheaical-spscific resistances to mass transport for both the liquid and
gas phases veze calculated from sxpirical expressicns muuto_d by Liss and

s " R-1

¢ . . - AR30IOI9 )
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P - Slater (1§74). Typical values of k, (20 ca/br) and k& (3,000 cu/hr), which
\_/ | have been measured for coz and Bzo. respectively, were used to estimate
VOC-specific values for thess parameters: '

k; = 20(ca/hr) oo/ (@)

kg = 3000(ca/hry e /2 . %)

wvhere: ‘ . _ :
k; = 1tquid-phase mass transfer coefficlent, (ca/hr)

k& - gu-pha_u nass transfer coefficlent, (ca/hr)
MJ « moleculsr weight of the chenical.

The mass transfer cosfficient, KL' {s adjusted to ths shower vater
texperature, 1:.. scecording to e seni-ezpirical aquation avolopod to estizate
the effect of tcnpt:imrn“ on oxygen sass-transfer rate:

R 0.5
Ry = K (T,as/Ten,) 1))
o vhere: , o
K.L = adjusted eve:gl__.l mass transfer cosfficient (ca/hz),
) - Ty = calibration vater temperaturs of K (),
T, = showar water temperature (K),

m, = vater viacoaity.at; 1'1 (ep), and

B, - vitot viscosity at r" (cp).

The concentratfon leaving the showsr droplet, C,,. is cbtained fren ‘an
{ntegratead rate equation bn_ud_t,oﬁ & zass-balence epproach:

UG gm Cg(l-expl-R gt s608)) ()
vhers

Ca = cdncon::g.cion lu.vin; ihov‘r droplet after time ¢, (ug/d),

i : Co ™~ shower water concentration (ug/l),
: K-2
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d = showsr droplet diameter (m). and ' \)

:" - shéwot droplet drop tima (see).

The tern K 1/604 combinss both tha rate transfer and the available interfacisl
azea across vhich volatilization can occur. Ths value 1/504 equals the
specific interfacisl arsa, S/d, for a sperical shower droplet of diamaeter L
multiplied by conversion factors (hr/3,600 sec and 10 om/cm).

The VOC generation rate in tha shower room, 3, can then be calculated by the
squation:

S - C,d(Fr)/SV (s
wvhere '
3/ = {indoor VOC generation zrate (uﬂn’-nn).
h3:3 - lhmui vatsy flow n:((l/nin). and
sV = shower roocm air volume (na).
A simple one-box {ndoor air pollution nodel was used to estizate VOC alr . \)
concentrations {n the shower room. This 30del can ba sxpressed as a

differential aquation dsscribing the rate of change of the indoor polluuge
concentration with time:

dc‘/dt - nc' + 8 . (7N
wheze

c = {indoor VOC alr concentration (ug/a’), and
R = ailr sxchange rate (ninf"); |

When equation 7 is integrated, the tima-dspendent {ndoor concentration can be
sstizated as follows: .

6 (t) = ($/R)(1 - exp[-Re)) for ¢t < D, 8

R-3

AR301021 )
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c‘(e) = (S/R(exp[RDs) -l)exp(-Bt) for t>D )

vhere

C(e) = indoor air VOC eoncentration at time t (m_g/u’).

D. = ghowver duration (min), and

t = tine (min).

The {nhalation exposure per .he\nz m then bs calculated ncco:din; to thc
equation: :

B, = [Ve/(aW(20%)) foe ¢ (eree } I (10)
vhers | .

E‘nh | ‘= {phalation eXposure per shover (thwo'r).

VR = ventilation rate (I/ni.n).

Bt = body waight (ks).

bt | = total Curaeion 1n shover room (-in)

This equation can be :olved as: -

Ty = (VOIE/(@N®RI5)] (D, - 1/R + exp(-RD )R] S av
for the duration of the shower, and as: |
Bis = (VOO/LEN @0 x - ap

(D, + exp(-RD,)/R - exp(R(D, - D.)I/R}

for both the duuuon of cthe showsr md thn duration {n ths reon atut tho
shover {s turned off.

Table X-1 1ists ths input parazmsters to the shover model.

K6
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TABLE K-l

tewd v d@ P

INPUT PARAMETERS TO THE SHOWER MODEL

1 &/0B31uBVEr » PiD
- I 3

322 ~2." 2238 L4

Pazaneter

Valus

) Inhalacion Ancbeor

Showsr Water Tesperature

Watar Viscocity at Shower 'rompcntu:o
Showsz Droplet Drop Tizme :

Shower Droplet Dianater

Showsr Water Flow Rate
Alx Flow Ratas

Alz Ixchange Rate in Shower Rooa

Ventilization Rate
Shovar Duration

Duration {n Shower Room Aftezr Shower Stopl

Body Veight

0.48

N K
0,596 p
2 uc

pter/n!.n

0.5 hr-l.

13 licer/ain
15 ain

5 ain

70 kg
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K ? Modal fn Galenlate Nermal Ahserption From Bathing

" Bstinmates of chreonic daily intakes resulting from exposure vis dermal.

absorption of volatile organic chemicals of potentisl concern in the

- groundwater are based on the vork of Wester ot al. (1987). Wester ot al.
. measured the ammmta nf hanzena tranafarrad into human skin (8.7 ca?) fron & -

dilute (21.7 ug/al) selution in water (1.5 1) over a 30 minute period.

The amount of benzens which could be transferred into the skin during a bath
was consarvatively assuned to be the sun of the amounts of benzens absorbed
through the various lsyers of ths skin (epidernis, derais, and stratwm
corneum), This sum, vhich wac adjustodfo: the total skin surface area
expected to bs exposed during a bath (assuzed to bs spproximately’ 804 of the
19,400 cal adult body surface ares (EPA 19854)) amounted to 0.15% of the dose-
to vhich the gkin vas dxpond‘. Therefors, the amount of banzene ({n ug) that

* would be absorbed during & 30 ainute bath can be estizated from the Vester et

al. study as follows:

Benzens Absorbed (ug) - 21.7 ug x 1.5a1 x 0.001% x 15,520 ca2 :

Event ' sl 5.7 cen?

vhere: :
21.7 ug/al ~ Concnstration of benzena {m the Wester et sl. study.

1.5 ol « Voluns of solutfon covering the skin in the Wester ot al. study.
5.7 cz? « Amount of skin covered by ths 1.5 &l of solution {n ths Westar
ot al. study. o .
0.001$ = Proportion of benzens absorbed {n the Wester et al. study.

15,820 ca? « Surface area of skin exposed to water while bathing.

Becauss éarnal absorption of organic chemicals from & dilute solutien is, to
a first order spproximstion, proportionsl to the lipophilicity of the
chenicals (Foster and Chrostowski, 1986), dosss for each organic chemical were
derived relative to the amount of benzens sbsorbed in the Vester ot al. study
based on (1) the ratio of the aqueous concentration of each chenical of
concern in ths bath watsr to the aguecus concentratiocn of benzens used fn tha
Vester ot al. study, and (2) the ratic of the octancl-water partiticn

X-6 .
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cosfficient (Kov) o_f benzens (R“ = 132) to that of sach organic chenical of
concern {n the groundwater. Based on these ratics, the mass of each chenical
of concern transferred into the skin during a 30 ainute bath were estizated as

follovws: : —

[Cabs]y Benzoi\q Absorbed (ug) ’Ror_ 1“-;110:1«1',:-61 of 1*® cheatcal (ug/1)
Bath Bath  Kowbenzems €y of benzens (ug/1)

vhere: ' |

cibq - Conecntutlén of l_‘h chenical adsorbed to skin during dath, (u;/bsth)

€ of 1& chemical = Concatration of 1“" cheaical in groundvater, (ug/l)

€1 denzens = Concentration of benzens in Wester et al. study, (21,700 ug/l).
Chronic daily intakes, (CDIs), were then calculated froa the following
squation, assuning that an sverage 70 kg adult takes oue bath pex day for a 70
‘year lifetime. - | - | R :

' | Lbath _ 1 _.mg
CDI (ng/kg/day) = Cads x x x 10"3—
o : day 70 kg ug
4
x-7



